Introduction
It was first shown by Marquis & Fritz (1965) and later by Pearson & Tubbs (1967) that lcarnitine is present in higher concentrations in the rat epididymis than in other body tissues. These estimations were made on whole homogenates of the epididymis or on fluid extruded from different regions along the epididymis using techniques which would have led to considerable cell damage. In a later study by Brooks, Hamilton & Mallek (1974) , fluid was expressed from the lumen of the rat cauda epididymidis. This fluid contained about 60 mM-carnitine compared with about 25 mM for whole tissue and 0-02 mM in blood. It has been suggested that the high concentration of carnitine in the luminal fluid of the epididymis may be involved in the maturation of spermatozoa. Therefore, we have estimated the concentration of carnitine in uncontaminated luminal fluid collected by micropuncture from different regions of the rat epididymis. It seemed particularly important to determine the precise area where carnitine is first secreted into the lumen as our previous studies (Hinton, Dott & Setchell, 1979) In the smaller animals, the testis and epididymis on one side were exposed through a scrotal incision and prepared for micropuncture as previously described (Hinton et al, 1979 Australia) into the tubules of the cauda epididymidis. In one experiment, samples were removed from the proximal regions of the boar epididymis immediately after death of the boar; samples were also removed from the cauda epididymidis in the same boar before and after death to see whether there were changes in the carnitine concentration after death. The epididymal luminal contents collected were centrifuged as previously described (Hinton et al, 1976) . Rete testis fluid (RTF) was collected from boars by the method of Evans & Setchell (1979) and from rams by the method of Voglmayr, Scott, Setchell & Wakes (1967) as modified by Suominen & Setchell (1972) .
The term 'luminal fluid' will be used to refer to the fluid in the duct in which the spermatozoa are suspended, whereas 'luminal contents' will be used to mean both fluid and spermatozoa. (Grassetti & Murray, 1967) (1975) . Standards in the range of 10-2000 pmol were run with each series of samples and a linear response was obtained over this range. All samples and standards were assayed in duplicate. The recovery of carnitine by this procedure was 97%, the accuracy to within ±2-5% and the limit of detection was 0-1 nmol/ml serum. This method estimates free carnitine and short chain acylcarnitine compounds (equi¬ valent to total acid-soluble carnitine).
Results
The greatest concentration of carnitine was found in the rat, the lowest in the hamster while the rabbit, ram and boar were intermediate. There were no differences in the concentration of carnitine in the fluid removed from the boar cauda epididymidis before or immediately after death of the animal. In each of the species studied there was a progressive increase along the epididymis in the concentration of carnitine in the luminal fluid (Table 1 ); in the rat there was a large difference between the concentration of carnitine in the luminal fluid of the proximal and distal caput epididymidis. Consequently, attention was focused on this region by sampling from two intermediate sites (Sites 2a and 2b); fluid from Site 2a contained 9-3 ± 0-55 mM-and that from Site 2b contained 14-1 ± 1-27 mM-carnitine (5 observations).
Discussion
The results presented in this paper are the first estimates of the concentration of carnitine in the luminal fluid from distinct sites along the epididymis. Our (Böhmer & Johansen, 1978) and where there is a sudden increase in the potential for motility of the spermatozoa (Hinton et al, 1979) . It therefore seems possible that carnitine may play a role in the initiation of the motility of rat spermatozoa. This suggestion is supported by the fact that Casillas (1973) found that bovine spermatozoa from the caput epididymidis readily accumulate carnitine whereas those from cauda epididymidis do not. Rat spermatozoa contain high concentrations of carnitine acetyltransferase and acetylcarnitine (see Marquis & Fritz, 1965) and several important functions have been suggested for these two components. Acetylcarnitine may serve as a readily accessible energy pool for use in both activation of respiration and motility in mammalian spermatozoa (Milkowski, Babcock & Lardy, 1976; Harrison, 1977) , and the maturing spermatozoa of Drosphilia melanogaster have been shown to contain high levels of carnitine acetyltransferase and acetylcarnitine (Geer & Newburgh, 1970) . When acetylcarnitine or carnitine were added to ejaculated human spermatozoa, an increase in the motility was demonstrated (Tanphaichitr, 1977) , although it was suggested that carnitine is first converted to acetylcarnitine. Casillas & Erickson (1975b) have suggested that acetylcarnitine and carnitine acetyltrans¬ ferase may act to buffer the sperm acetyl CoA : CoA ratio as originally suggested by Pearson & Tubbs (1967) for rat heart muscle and by Snoswell & Koundakjian (1972) (Hamilton & Olsen, 1976) . Böhmer & Johansen (1978) confirmed these findings but found that no inhibition could be demonstrated with ejaculated human spermatozoa or epididymal bull or rat spermatozoa. For several tissues, carnitine has been shown to have an important cellular function in the transfer of long chain fatty acids across the inner mito¬ chondrial membrane for ß-oxidation (see Bremer, 1977 for recent review); carnitine may therefore have a similar function in the developing spermatozoa as discussed by Casillas (1972) . Sperm mitochondria, like those of heart, have an active acetylcarnitine-carnitine exchange carrier (Calvin & Tubbs, 1976) . The high concentration of carnitine in the rat epididymis appears to be achieved by transport from blood plasma and not local synthesis, as there is evidence that the rat epididymis does not possess the hydroxylase enzyme necessary for the conversion ofbutyrobetaine to carnitine, the final step in the biosynthetic pathway of carnitine (Casillas & Erickson, 1975a) . Only the liver (with a slight capacity in the testis) appears to be capable of the final conversion step, and carnitine is then rapidly transported to other tissues (Lindstedt, 1967; Haigler & Broquist, 1974; Böhmer, 1974) . Other studies have shown that the accumulation mechanism is under androgenic control (Marquis & Fritz, 1965; Brooks et al, 1973; Böhmer & Hansson, 1975; Böhmer & Johansen, 1978) and that it is influenced by circulating androgens rather than by androgens bound to the intraluminal androgen-binding protein (Böhmer et al, 1977) .
The concentrations of carnitine in the luminal fluid of the epididymis of the hamster, boar, rabbit and ram were never as high as those in the rat. No studies on the accumulation of radio¬ active carnitine have been made in these species, but as the concentrations found in the luminal fluid are still much higher than those in blood plasma, it seems likely that a similar concentration mechanism is operating in these species as in the rat. The estimations of carnitine in the luminal fluid of the rat cauda epididymidis and in blood plasma indicate a concentration gradient of carnitine across the epididymal epithelium of some 2000 which is much higher than for most physiological compounds. However, the sarcoplasmic reticulum of muscle, which has a high affinity for calcium ions, is capable of creating a concentration gradient of calcium higher than 10 000 during active calcium transport, probably due to the presence of the large internal surface of the sarcoplasmic reticulum membrane together with a very high surface density of transporting units (see Hasselbach, 1978) . A similar mechanism may operate for carnitine in the rat epididymis.
In the rat, carnitine contributes significantly to the osmotic pressure of the luminal fluid but in other species studied some other organic compounds must also be present in the epididymal fluid to account for the osmotic pressure not contributed by carnitine and ions. Glycerylphosphorylcholine (GPC) is present in almost equimolar amounts with carnitine in the rat epididymis (Brooks et al, 1974) 
